Background: Chronic kidney disease (CKD) is a worldwide public health problem. Systolic blood pressure as an associated feature of CKD has not been fully explored in community volunteer and nationally representative samples of the US population.
T
he number of adults with hypertension has more than doubled in the last 20 years, and hypertension prevalence is likely to far exceed predictions for 2025. 1 Overall awareness and treatment of hypertension, assessed by means of blood pressure control, in National Health and Nutrition Examination Survey (NHANES) participants increased from 29% in 1999 to 2000 to 37% in 2003 to 2004. 2 NHANES data show that the age-adjusted hypertension prevalence in the US population increased from more than 60 million adults in 2000 3, 4 to 72 million in 2004. [3] [4] [5] Increases in prevalence translate into increases in cost of hypertension treatment (estimated in 2006 to exceed $55 billion 6 ) and comorbid conditions. Chronic kidney disease (CKD) is a worldwide public-health problem. 7 The prevalence of CKD stages 3 to 5 in the United States has grown by 40% during the past decade to 14.8%. An estimated 8 million people have an estimated glomerular filtration rate (eGFR) less than 60 mL/min/ 1.73 m 2 in the United States. 8 Because CKD is an independent risk factor for cardiovascular death, increases in CKD prevalence are consequential. 9 The Kidney Early Evaluation Program (KEEP), a National Kidney Foundation screening program to help promote CKD awareness, targets individuals 18 years or older with diabetes or hypertension or otherwise at high risk of CKD. KEEP collects completed participant surveys regarding past medical events and measures blood pressure and laboratory values. Hypertension prevalence at various CKD stages has been compared between KEEP and NHANES.
10 Preva-lences of cardiovascular risk 11 and anemia 12 and trends in mineral metabolism 13 also have been compared.
The early decrease in kidney function (CKD stage 1 or 2) caused by increased blood pressure has not been extensively investigated in prospective studies, with only 2 underpowered studies available to date. 14, 15 Systolic blood pressure is the most clinically useful predictor of CKD in people older than 50 years, 16 but this has not been validated in appropriately powered trials with CKD outcomes. 17 Given this background, we evaluated the KEEP and NHANES databases to examine whether systolic blood pressure greater than 130 mm Hg was independently associated with CKD stage. The hypothesis is that rates and severity of hypertension would differ between individuals with CKD who volunteered for CKD screening (KEEP) and those who volunteered to participate in a representative sample assessed for general health status (NHANES).
METHODS

KEEP Participants
KEEP is a free community-based health screening program that targets populations 18 years and older with a history of diabetes or hypertension or a first-order relative with diabetes, hypertension, or kidney disease. The KEEP database was fully described in the 2007 KEEP Annual Data Report. 18 Officially launched nationwide in August 2000 and now in its ninth year, KEEP has screened more than 115,000 participants from 49 states and the District of Columbia.
In this study, we included only eligible KEEP participants from August 2000 through December 31, 2007. Our KEEP study cohort includes 88,559 eligible participants with nonmissing values for age and blood pressure.
NHANES (1999 to 2006)
Because NHANES participants are not specifically recruited based on CKD risk factors, they provide a comparison for KEEP with respect to hypertension, CKD, and the interrelationships between these variables according to population. To make comparisons with KEEP data, NHANES 1999 to 2006 data were restricted to participants 18 years or older (n ϭ 22,624). For all analyses using smoking status, self-reported cardiovascular disease, or self-reported high cholesterol level, the NHANES study population was limited to participants 20 years or older (n ϭ 20,311 Other health status variables in KEEP and NHANES include self-reported diabetes, self-reported cardiovascular disease, obesity, and self-reported high cholesterol level. In KEEP, self-reported diabetes included self-reported history of diabetes or use of medication for diabetes. Obesity was defined as body mass index (BMI) of 30 kg/m 2 or greater. Self-reported cardiovascular disease included history of heart attack, heart angioplasty, bypass surgery, heart failure, abnormal heart rhythm, or stroke. Self-reported high cholesterol level was defined as a participant being told that he or she had a high cholesterol level. NHANES definitions for these conditions were the same as the KEEP definitions, except that self-reported diabetes was defined as self-reported history of diabetes and cardiovascular disease was defined as self-reported history of coronary heart disease, angina/ angina pectoris, heart attack, congestive heart failure, or stroke. Race/ethnicity groups in NHANES are non-Hispanic white, non-Hispanic black, and other.
Statistical Analysis
Hypertension prevalence and systolic blood pressure status were calculated based on demographic characteristics, health conditions, eGFR, and albuminuria. To obtain national estimates of each statistic in NHANES, sampling weights and survey design were implemented by using SUDAAN (Research Triangle Institute, Research Triangle Park, NC). 22 The t-test was used to calculate the P value for the comparison of hypertension prevalence between the KEEP and NHANES populations. The prevalence of CKD stages 3 and 4 in each systolic blood pressure group was also calculated for demographic characteristics and health conditions for the cohort with CKD stages 2 to 4.
Multivariate logistic regressions were used to show predictors for measured hypertension in KEEP participants who self-reported no hypertension and predictors for meeting target blood pressure in KEEP participants who selfreported hypertension. Predictors included age, sex, race, smoking status, self-reported diabetes, family history of diabetes or hypertension, obesity, and CKD.
RESULTS
Overall, 88,559 KEEP participants were evaluated for hypertensive status versus 20,095 NHANES participants (Table 1) . Greater proportions of KEEP participants than NHANES participants had hypertension (69.6% versus 38.1%; P Ͻ 0.001) and diabetes (28.0% versus 8.9%; P Ͻ 0.001). Hypertension prevalence in African Americans was greater in KEEP than in NHANES (72.7% versus 46.4%; P Ͻ 0.001). Other significant differences between databases included a greater hypertension prevalence in obese KEEP participants (79.5% versus 51.5% in NHANES; ; P Ͻ 0.001), and in the higher deciles of systolic blood pressure, albuminuria and microalbuminuria were more prevalent in KEEP than in NHANES participants. In KEEP, CKD prevalence was greater with greater systolic blood pressure (Fig 1) , and CKD stages 3 and 4 prevalence was greater with greater BMI (Fig 2) . Relatively more white than African American KEEP participants had a greater systolic blood pressure regardless of BMI (Fig 2) . For white participants at normal body weight (BMI Ͻ 26 kg/m 2 ), the percentage of participants with CKD at each decile of systolic blood pressure was greater with greater blood pressure (20% at Ͻ 130 mm Hg, 28.5% at 130 to 139 mm Hg, 33.2% at 140 to 149 mm Hg, P Ͻ 0.001; and 41% at Ͼ 150 mm Hg, P Ͻ 0.001). The same relationship was observed for African American participants; although significant, the percentages of participants at given blood pressure deciles were lower compared with white participants (14.6%, 19.6%, 27.6%, and 34.7%, respectively; P Ͻ 0.001). Trends were similar for participants with BMI of 26 to 30 kg/m 2 and obesity (BMI Ͼ 30 kg/m 2 ; Fig 1) . In the subgroup of participants with hypertension and CKD stages 2 to 4 (Table 2), the databases differed significantly in the proportions with CKD stages 3 and 4 (79.1% in KEEP versus 69.3% in NHANES; P Ͻ 0.01). The databases also differed in proportions of African Americans (72.4%, KEEP; 57.4%, NHANES; P Ͻ 0.01), current smokers (69.1%, 55.6%; P Ͻ 0.01), obesity (77.4%, 63.1%; P Ͻ 0.01), selfreported diabetes (77%, 65.2%; P Ͻ 0.01), and hypercholesterolemia (80.2%, 71.9%; P Ͻ 0.01). Distributions of these variables were similar between databases for any given systolic pressure decile. More KEEP participants than NHANES participants with CKD stages 3 and 4 had hypertension, and the prevalence of CKD stages 3 and 4 increased with age in KEEP and NHANES.
In the KEEP database, the probability of not reporting hypertension when present was greater in participants older than 60 years, African Americans, and participants with self-reported diabetes, family history of hypertension, obesity, and CKD (Table 3 ). The probability of having a target blood pressure was greatest for participants younger than 46 years and least for those older than 60 years, African Americans, and those with self-reported diabetes, obesity, or CKD (Table 4) .
The probability of not reporting kidney impairment when present was significantly greater for participants older than 60 years (odds ratio [OR], 1.75; 95% confidence interval [CI], 1.64 to 1.87; P Ͻ 0.001), with pulse pressure greater than 60 mm Hg (OR, 1.35; 95% CI, 1.20 to 1.51; P Ͻ 0.001), or who were obese (OR, 1.10, 95% CI, 1.03 to 1.17; P Ͻ 0.001) or had diabetes (OR, 1.08; 95% CI, 1.02 to 1.14; P Ͻ 0.001) or microalbuminuria (OR, 2.14; 95% CI, 1.99 to 2.29; P Ͻ 0.001). KEEP participants with systolic blood pressure greater than 160 mm Hg had the greatest probability of reporting kidney impairment when present (OR, 0.61; 95% CI, 0.55 to 0.67; P Ͻ 0.001).
DISCUSSION
We examined the relationship between CKD stage and systolic blood pressure in the KEEP and NHANES 1999 to 2006 databases. Our data confirm previous reports that at greater systolic blood pressures, the probability of kidney impair- ment is also greater, a relationship that held regardless of race or sex. Because of the recruitment of participants with CKD risk factors and self-concern for CKD, KEEP was enriched with relatively more participants with early kidney disease than NHANES at all systolic blood pressure deciles greater than 130 mm Hg. The KEEP database also had greater representation of African Americans with hypertension and greater percentages of participants with obesity and diabetes than NHANES. Both databases showed baseline systolic blood pressure to be independently associated with the presence of early kidney disease, and CKD stages 3 and 4 were more common than stage 2 at all systolic blood pressure deciles greater than 130 mm Hg. Systolic blood pressure level is a clinically useful predictor of CKD in persons with diabetes 17 and an independent cardiovascular risk factor for those older than 50 years. 16 Our results confirm these relationships.
Microalbuminuria was more prevalent in the KEEP than NHANES database. Recent data show that microalbuminuria is a biomarker strongly associated with risk of essential hypertension development, 23 and it determines the need for additional blood pressure medication to achieve blood pressure goals. 24 Clearly, early aggressive reduction of systolic blood pressure with appropriate agents increases kidney protection, slows the progression of kidney damage, 25 and reduces cardiovascular risk. 26 In KEEP, the probability of not reporting kidney impairment when present was significantly greater for participants with microalbuminuria, providing an additional reason to assess microalbuminuria in hypertensive patients, given this lack of awareness.
Interestingly, a greater prevalence of CKD was noted in white than African American participants in these databases. However, in KEEP, numbers of both white and African American participants with CKD were greater at any given systolic blood pressure level, a trend unrelated to BMI. Our data are not in accordance with studies showing that African Americans and members of other minority groups are more likely than whites to develop CKD. 27 One possible explanation for this observation is that more African Americans die at earlier CKD stages, before reaching stages 3 and 4. Evidence is strong that African Americans with CKD have more poorly controlled hypertension than white counterparts, particularly in early disease stages, 28 and hypertension onset tends to be earlier and more severe in African Americans, leading to more end-organ damage and premature cardiovascular death than in white populations.
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Hypertension with CKD is much more common in the KEEP than in the NHANES database, and the KEEP database shows greater rates of CKD stages 3 and 4 than the NHANES database in African Americans. Our analysis does not answer the question of whether increases in blood pressure lead to more advanced kidney disease or vice versa. Lack of awareness of CKD presence may lead to less vigilant blood pressure control. CKD can be undetected until advanced stages; KEEP, as a targeted community-based health screening program with a larger CKD sample size than NHANES, may allow improved exploration of these health associations.
In the KEEP database, we found that African Americans not reporting hypertension on history had a 14% rate of having increased measured blood pressure, and African Americans with known hypertension had a 33% greater rate of not meeting blood pressure control guidelines. This analysis provides compelling evidence that the problem of hypertension and kidney impairment may be much greater than estimated rates and delineates the need for strategies to identify and treat people at risk in the community, given the profound heterogeneity among racial groups. KEEP participants receive laboratory results and educational materials about kidney disease risks and treatment opinions, and their physicians receive laboratory results and clinical practice guidelines for CKD care. 29 This is an effort to improve knowledge and awareness, leading to improved blood pressure levels and CKD results.
Overweight prevalence in the United States is approximately 66%. 30 Obesity was more prevalent in KEEP than NHANES. We noted a consistently greater CKD prevalence with greater weight regardless of race and sex in both KEEP and NHANES. This is consistent with previous studies that evaluated other databases. 31 Our data also support evidence from long-term observational studies that show a correlation between BMI and CKD progression. 32, 33 Not surprisingly, greater weight was also associated with greater blood pressure deciles. This consistent relationship is important because obesity increases not only cardiovascular risk, but also the probability of developing CKD.
More KEEP than NHANES participants selfreported diabetes; in both databases, hypertension prevalence was more than 85% in participants who self-reported diabetes. These results are in accordance with earlier results showing that hypertension is a common problem in patients with diabetes. 34 Our study is limited by the cross-sectional nature of both databases. These databases rely on voluntary physical examinations and screening histories, including self-reports of such diseases as hypertension, diabetes, and CKD. Another study limitation is the low percentage of NHANES participants with eGFR less than 30 mL/min/1.73 m 2 to compare with the more robust KEEP data. In addition, KEEP participants may have better hypertension awareness than NHANES participants because the presence of hypertension is a KEEP eligibility criterion.
In conclusion, this analysis shows the magnitude and complexity of systolic hypertension in different groups in the United States. Systolic blood pressure as a component of hypertension was associated with lower eGFR in both people at risk of CKD (KEEP) and the general population (NHANES). White participants had more CKD than African American participants. Obese and diabetic participants had greater rates of early kidney disease at greater systolic blood pressure deciles. Screening programs improve public health, improve knowledge and communication, enhance adherence to recommended therapies, and improve clinical outcomes. The targeted nature of the KEEP screening program and the large number of participants contrast with NHANES and highlight the value of blood pressure assessments in both populations.
